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CLAIMS 



[Claim(s)] 

[Claim 1] It has the projection optics which carries out the printing imprint of the pattern drawn on the reticle on 
a wafer. In the immersion photolithography system which filled at least the part of the working distances 
between the lens side which approached the wafer of this projection optics most, and said wafer with the liquid 
which penetrates exposure light When the die length of said working distance is set to L, wavelength of said 
exposure light is set to lambda and the temperature coefficient of the refractive index of said liquid is set to N 
(Wdegree C), it is L<=lambda/(0.3x|N|). 

The immersion photolithography system characterized by forming so that it may become. 
[Claim 2] It has the projection optics which carries out the printing imprint of the pattern drawn on the reticle on 
a wafer. In the immersion photolithography system which filled at least the part of the working distances 
between the lens side which approached the wafer of this projection optics most, and said wafer with the liquid 
which penetrates exposure light The immersion photolithography system characterized by using what added the 
additive which decreases the surface tension of pure water or increases whenever [ surface activity / of pure 
water ] as said liquid to said pure water. 

[Claim 3] The immersion photolithography system according to claim 1 or 2 whose die-length L of said 
working distance is 2mm or less. 

[Claim 4] The immersion photolithography system according to claim 1, 2, or 3 which synchronized with the 
velocity ratio corresponding to the scale factor of said projection optics, and has arranged said reticle and wafer 
possible [ a scan ] to uniform velocity. 

[Claim 5] The immersion photolithography system according to claim 1, 2, 3, or 4 using the light of an 
ultraviolet area as said exposure light. 

[Claim 6] The immersion photolithography system according to claim 1, 2, 3, 4, or 5 which formed the lower 
limit side of the lens-barrel which forms the optical surface by the side of the wafer of the tip optical element by 
the side of a wafer in a plane most, and holds said tip optical element of said projection optics so that the same 
flat surface as said optical surface might be made, and beveled to the lower limit peripheral face of said lens- 
barrel. 

[Claim 7] The immersion photolithography system according to claim 6 said whose tip optical element is an 
parallel plate. 

[Claim 8] The immersion photolithography system of claim 1-7 given in any 1 term which held said wafer on 
the holder table, set up the wall on the top-face periphery of said holder table so that working distance could be 
filled with said liquid, prepared the liquid supply unit so that said liquids could be supplied and collected in said 
holder table, and prepared the both sides of said holder table and a liquid supply unit the heat regulator. 
[Claim 9] The immersion photolithography system of claim 1-7 given in any 1 term which attached the rise- 
and-fall driving gear in said pin so that said wafer is held by the wafer chuck, a wall is set up on the top-face 
periphery of said wafer chuck so that working distance can be filled with said liquid, said wafer chuck might be 
penetrated, at least three pins might be prepared and said wafer could be lifted above said wafer chuck. 
[Claim 10] The immersion photolithography system of claim 1-7 given in any 1 term which attached the rise- 
and-fall driving gear in said wafer chuck so that said wafer is held by the wafer chuck, a wall is set up on the 
top-face periphery of said wafer chuck so that working distance can be filled with said liquid, said wafer chuck 
might be penetrated, at least three pins might be prepared and the upper limit of said wall of a wafer chuck 
could be made lower than the lower limit of said projection optics. 

[Claim 11] The immersion photolithography system of claim 1-10 given in any 1 term which avoided 



interference with the lower limit part of projection optics by preparing the fluid-tight door section which can be 
freely opened and closed to said a part of wall. 

[Claim 12] The immersion photolithography system of claim 1-11 given in any 1 term which attached the 
mirror for interferometers in the side face of said projection optics, and established the protection means so that 
it might be isolated from the steam which emits the reflected flux of light which carries out incidence to this 
mirror from said liquid. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates especially to the aligner of an immersion type about the aligner 

which bakes the pattern drawn on the reticle on a wafer according to projection optics. 

[0002] 

[Description of the Prior Art] Although spacing between the last lens side of optical system and the image 
surface was called working distance, the working distance of the proj ection optics of the conventional aligner 
was filled with air. As for this working distance, it was common to have taken 10mm or more on account of 
making automatic focus optical system intervene etc. On the other hand, the detailed-ization is desired 
increasingly and it is necessary to attain short wavelength-ization of exposure wavelength for that purpose, or to 
aim at increase of numerical aperture about the pattern imprinted to a wafer. However, since there is a limit in 
the class of glass ingredient which penetrates the light of short wavelength, the aligner of the immersion type 
which attains detailed-ization of an exposure pattern is proposed by filling working distance with a liquid and 
aiming at increase of numerical aperture. 

[0003] In the aligner of an immersion type, there is a possibility that distribution may arise in a refractive index 
according to the temperature distribution of the liquid made to be placed between working distances. Then, the 
following techniques are proposed as a cure to degradation of the image formation engine performance resulting 
from the temperature change of a liquid. That is, the technique indicated by drawing 3 of a U.S. Pat. No. 
4,346,164 number is proposed according to the temperature stability device of a liquid (**) as what attains 
stabilization of temperature, and the technique indicated by JP,6- 124873, A is proposed as what attains 
equalization of temperature by the excitation agitator style. Moreover, measuring temperature or a refractive 
index to JP,6-124873,A similarly as what is fed back to temperature control according to the temperature 
monitor device of a liquid (being) is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However (**), if it sets and how many temperature is stabilized, as 
shown below in fact, the temperature control in the precision which is hard to be referred to as realistic is 
needed [ the argument referred to as whether it is satisfactory practically is not accomplished, but.], moreover — 
(-- it is -) ~ ******** ~ if it takes into consideration that the temperature ununiformity of a liquid influences 
the image formation engine performance most, it will be hard to call it an effective cure. Thus, it was in the 
situation which cannot be conventionally referred to as that there is no example which mentioned the constraint 
about the optical parameter of projection optics like working distance itself in the well-known technique about 
an immersion photolithography system, and the special conditions of an immersion type are taken into 
consideration. Therefore, this invention makes easy temperature control of the liquid which fills working 
distance, and makes it a technical problem to offer the immersion photolithography system which does not 
cause degradation of the image formation engine performance. 
[0005] 

[Means for Solving the Problem] It is made in order that this invention may solve the above-mentioned 
technical problem. It has the proj ection optics which carries out the printing imprint of the pattern drawn on the 
reticle on a wafer. In the immersion photolithography system which filled at least the part of the working 
distances between the lens sides and wafers which approached the wafer of this projection optics most with the 
liquid which penetrates exposure light When the die length of working distance is set to L, wavelength of 
exposure light is set to lambda and the temperature coefficient of the refractive index of a liquid is set to N (1- 



/degree C), it is L<=lambda/(0.3x|N|). 
, It is the immersion photolithography system characterized by forming so that it may become, and it is the 
immersion photolithography system characterized by using what added the additive which decreases the surface 
tension of pure water or increases whenever [ surface activity / of pure water ] as said liquid to pure water. 
[0006] An operation of this invention is explained below. If set the distance from the glass side at the tip of 
projection optics to an image formation side, i.e., working distance, to L, width of face of the temperature 
distribution of the medium which fills working distance L is set to deltaT, aberration of the image formation 
wave front resulting from this temperature-distribution deltaT is set to deltaF and the temperature coefficient of 
the refractive index of a liquid is set to N, the following formulas (1) will be materialized in approximation. 
deltaF=Lx|N|xdeltaT .... (1) 

[0007] About temperature-distribution deltaT of a medium, in order to attain the equalization, it controls how 
and a way is assumed that about [ deltaT=0.01 degree C ] temperature distribution exist. Therefore, image 
formation wave aberration deltaF is deltaF=Lx|N|x0.01 at least (la) 

**** exists. N is the value which expressed the temperature coefficient of a refractive index with the 1/degree-C 
unit here. 

[0008] The values of the temperature coefficient N of a refractive index differ greatly with a liquid and a gas, 
for example, with air, to being N=-9xl0-7/degree C, in the case of water, it is N—8xl0-5/degree C, and it has 
an about 100 times as many difference as this. On the other hand, although the working distance L of the 
projection optics of a contraction projection aligner is usually L> 10mm, though it is L= 10mm, image 
formation wave aberration deltaF of the working distance is as follows. 

Air: deltaF=10mmx|-9xlO-7/degree-C|x0.01 degree C = 0.09nm Water : deltaF=10mmx|-8xl0-5/degree- 
C|x0.01 degree C = 8.0nm [0009] However, generally, 1/30 or less [ of the exposure wavelength lambda ] is 

desirable, namely, image formation wave aberration deltaF is delta F<=lambda / 30 (2) 

******(ing) is desirable. For example, deltaF<6.4nm is desirable when using an ArF excimer laser with a 
wavelength of 193nm as an exposure light. When the medium which fills working distance is water, by L> 
10mm, it turns out like the conventional technique that the yield of the image formation wave aberration 
according [ working distance L ] to the temperature distribution of a medium is too large, and a problem is 
produced practically. 

[0010] (la) From a formula and (2) types to L<=lambda/(0.3x|N|) .... (3) 

******. Therefore, by filling (3) types, the immersion photolithography system which carried the projection 
optics by which the wave aberration yield produced according to the temperature distribution in an immersion 
liquid on the basis of realizable temperature stability (temperature distribution) was stopped by 1/30 or less [ of 
exposure wavelength ] is obtained. The amount of wave aberration generated because exposure light passes 
through the inside of the medium which had temperature distribution in this invention is easing the demand to 
temperature distribution by preparing the optical path length an upper limit as mentioned above paying attention 
to being dependent on the product of the optical path length in the amount of temperature distributions, and a 
medium. Practical use can be presented with an immersion photolithography system under the temperature 
control of the immersion liquid in level realizable by this. 
[0011] 

[Embodiment of the Invention] Some suitable examples for this invention are explained below. 
[0012] 

[Explanation of the 1st example] Drawin g 1 shows the whole projection aligner configuration by the 1st 
example of this invention, and it shows the projection aligner of the lens scanning method which carries out the 
relative scan of Reticle R and the wafer W to projection lens system PL here, projecting the circuit pattern on 
Reticle R on the semi-conductor wafer W through contraction projection lens-system PL which has the circular 
image field constituted by the tele cent rucksack in the both sides by the side of a body and an image. The ArF 
excimer laser to which an illumination system 10 emits pulsed light with a wavelength of 193nm in drawing 1 
(un-illustrating), The beam expander which operates the cross-section configuration of the pulsed light from the 
light source orthopedically (un-illustrating), Optical integrators, such as a fly eye lens which carries out 
incidence of the pulsed light operated orthopedically, and generates secondary light source images (assembly of 
two or more point light sources) (un-illustrating), The condenser lens system which makes pulsed light from the 
secondary light source image the pulse illumination light of uniform illumination distribution (un-illustrating), 
the reticle blind (a lighting field diaphragm — ) which operates the configuration of the pulse illumination light 



orthopedically in the shape of [ long ] a rectangle in the direction (the direction of X) which intersected 
m perpendicularly with the scanning direction at the time of scan exposure (the direction of Y) The relay optical 
system (un-illustrating) for collaborating with the condenser-lens system 12 in drawing 1 and a mirror 14, and 
carrying out image formation of the pulsed light IL from opening of the shape of un-illustrating and a rectangle 
of the reticle blind as a lighting field AI of the shape of the shape of a slit and a rectangle on Reticle R is 
included. 

[0013] At the time of scan exposure, vacuum adsorption (depending on the case, they are electrostatic 
adsorption and machine conclusion) of the reticle R is carried out in the direction of one dimension on the 
movable uniform reticle stage 16 by big stroke. In drawing 1 , a reticle stage 16 is guided so that scanning 
migration of the column structure 19 top of the body of equipment may be carried out at the right and left in 
drawing (the direction of Y), and it is guided so that it may move also in the direction (the direction of X) 
perpendicular to the space of drawing. The coordinate location and minute rotation in XY flat surface of the 
reticle stage 16 project a laser beam on the migration mirror (a plane mirror and corner mirror) MRr attached in 
a part of reticle stage 16, and are serially measured by the laser interferometer system 17 which receives the 
reflective beam. And the reticle stage controller 20 controls the motors 18, such as a linear motor for driving a 
reticle stage 16 based on XY coordinate location measured by interferometer systems 17, and a voice coil, and 
controls migration of the scanning direction of a reticle stage 16, and migration of the non-scanning direction. 
[0014] Now, if the rectangle-like pulse illumination light IL injected from the condenser-lens system 12 and the 
mirror 14 irradiates a part of circuit pattern space on Reticle R, the image formation flux of light from the 
pattern which exists in the lighting field AI will let 1/4 time as many contraction projection lens system PL as 
this pass, and image formation projection will be carried out at the sensitive resist layer applied to the front face 
of Wafer W. The optical axis AX of the projection lens system PL passes along the central point of the circular 
image field, and it is arranged so that it may become the same axle also to each optical axis of an illumination 
system 10 and the condenser-lens system 12. Moreover, projection lens system PL consists of lens elements of 
two or more sheets made from two kinds of ** material, a quartz and a fluorite, which has high permeability to 
ultraviolet rays with a wavelength of 193nm, and a fluorite is used for the lens element which mainly has 
forward power. The interior of the lens-barrel which furthermore fixes the lens element of two or more sheets of 
projection lens system PL is permuted by nitrogen gas, in order to avoid absorption by the oxygen of the pulse 
illumination light with a wavelength of 193nm. The permutation by such nitrogen gas is similarly performed to 
the optical path from the interior of an illumination system 10 to the condenser- lens system 12 (or mirror 14). 
[0015] By the way, Wafer W is held on the holder table WH which adsorbs the rear face. Wall LB is formed in 
the whole periphery section of this holder table WH in fixed height, and Liquid LQ is filled with the 
predetermined depth inside this wall LB. And vacuum adsorption of the wafer W is carried out at the hollow 
part of the inner pars basilaris ossis occipitalis of the holder table WH. Moreover, the annular auxiliary plate 
section HRS which encloses the periphery of Wafer W by predetermined width of face is formed around the 
inner pars basilaris ossis occipitalis of the holder table WH. It is determined that the height of the front face of 
this auxiliary plate section HRS is mostly in agreement with the height of the front face of the standard wafer W 
which adsorbed on the holder table WH. 

[00 1 6] The main functions of this auxiliary plate section HRS are used as a focal detection side of an alternative 
of a case so that the detecting point of a focal leveling sensor may be located in the outside of the appearance 
edge of Wafer W. Moreover, the auxiliary plate section HRS can be used also [ calibration / the calibration of 
the alignment sensor used when carrying out alignment of the shot field on Wafer W, and the circuit pattern on 
Reticle R relatively, and / of the focal leveling sensor used when carrying out scan exposure of the shot field ]. 
However, it is more desirable to use for the calibration of an alignment sensor or a focal leveling sensor the 
reference mark plate of the dedication established according to the auxiliary plate section HRS and an 
individual. In this case, it will be attached on the holder table WH so that a reference mark plate may also 
become the almost same height as the projection image side of projection lens system PL in the state of 
immersion, and an alignment sensor will detect various kinds of reference marks formed on the reference mark 
plate in the state of immersion. In addition, an example of the approach of carrying out the calibration of the 
system offset of a focal sensor using the reference mark plate on a table is indicated by for example, the U.S. 
Pat. No. 4,650,983 number, and an example of the calibration approach of various alignment sensors is 
indicated by for example, the U.S. Pat. No. 5,243,195 number. 

[0017] By the way, since the point of projection lens system PL is soaked in Liquid LQ in this example as 



shown in drawing 1 , the point at least has the structure where it is waterproofed and a liquid does not sink in in 
. a lens-barrel. Furthermore, the inferior surface of tongue (opposed face with Wafer W) of the lens element at 
the tip of projection lens system PL is processed into a flat surface or a convex with very large radius of 
curvature, and, thereby, can make smooth flow of the liquid LQ produced between the inferior surface of tongue 
of a lens element, and the front face of Wafer W at the time of scan exposure. Furthermore, by this example, 
although explained to a detail later, the best image formation side (reticle conjugation side) of projection lens 
system PL in an immersion condition is designed so that it may be formed in the location of about 2-lmm from 
the inferior surface of tongue of the lens element at a tip. Therefore, while the thickness of the liquid layer 
formed between the inferior surface of tongue of the lens element at a tip and the front face of Wafer W is also 
set to about 2-lmm and the control precision of the temperature control of Liquid LQ is eased by this, it 
becomes possible to also suppress generating of the temperature-distribution nonuniformity in the liquid layer. 
[0018] Now, the holder table WH is attached on X-Y stage 34 so that the advancing-side-by-side migration (it 
moves slightly with rough migration in this example) to the Z direction in alignment with the optical axis AX of 
projection lens system PL and inclination jogging to XY flat surface perpendicular to an optical axis AX may 
be possible. This X-Y stage 34 carries out two-dimensional migration of the base surface plate 30 top in the XY 
direction, and the holder table WH is attached through three actuators 32A, 32B, and 32C for Z directions on X- 
Y stage 34. Each actuator 32A, and B and C consist of combination devices of a piezo flexible component, a 
voice coil motor, a DC motor, and a lift cam etc. And if only the same amount makes a Z direction drive three Z 
actuators, parallel translation of the holder table WH can be carried out to a Z direction (the direction of a 
focus), and if only a mutually different amount makes a Z direction drive three Z actuators, the inclination (tilt) 
direction and amount of the holder table WH can be adjusted. 

[0019] Moreover, two-dimensional migration of X-Y stage 34 is performed by the drive motor 36 which 
consists of linear motors which make the DC motor made to rotate a delivery screw and non-contact generate a 
thrust. Control of this drive motor 36 is performed by the wafer stage controller 35 which inputs the 
measurement coordinate location from the laser interferometer 33 which measures each location change of the 
direction of X of the reflector of the migration mirror MRw fixed to the edge of the holder table WH, and the 
direction of Y. In addition, as a whole X-Y stage 34 configuration which used the drive motor 36 as the linear 
motor, the configuration indicated by JP,8-233964,A, for example may be used. 

[0020] Now, in this example, since the working distance of projection lens system PL is small and Liquid LQ is 
filled in narrow spacing of about 2-lmm between the lens element at the tip of the projection lens PL, and 
Wafer W, it is difficult to project aslant on the wafer side corresponding to the projection visual field of 
projection lens system PL the floodlighting beam of the focal sensor of an oblique incidence light method. For 
this reason, in this example, the focal alignment sensor FAD containing the focal leveling detection system of 
an off-axis method (method which does not have a point detecting [ focal ] into the projection visual field of 
projection lens system PL), and the mark detection system which detects the mark for the alignment on Wafer 
W by the off-axis method is arranged on the outskirts of the lower limit section of the lens-barrel of projection 
lens system PL as shown in drawing 1 . 

[0021] The inferior surface of tongue of the optical elements (a lens, a glass plate, prism, etc.) attached at the tip 
of this focal alignment sensor FAD is arranged in Liquid LQ, as shown in drawin g 1 , and from that optical 
element, the lighting beam for alignment and the beam for focal detection are irradiated on the front face of 
Wafer W (or auxiliary plate section HRS) through Liquid LQ. And a focal leveling detection system outputs the 
focal signal Sf corresponding to the position error over the best image formation side of the front face of Wafer 
W, and a mark detection system analyzes the photoelectrical signal corresponding to the optical description of 
the mark on Wafer W, and outputs the alignment signal Sa showing XY location or the amount of location gaps 
of a mark. 

[0022] And the above focal signal Sf and alignment signal Sa are sent out to a master controller 40, and a 
master controller 40 sends out the information for driving three each of Z actuator 32A, and B and C the 
optimal based on the focal signal Sf to the wafer stage controller 35. The wafer stage controller 35 controls Z 
actuator each 32A, and B and C by this so that the focal adjustment and tilt adjustment to the field which should 
be projected on the actual condition on Wafer W are performed. 

[0023] Moreover, a master controller 40 manages the coordinate location of X-Y stage 34 for adjusting the 
relative physical relationship of Reticle R and Wafer W based on the alignment signal Sa. Furthermore, in case 
a master controller 40 carries out scan exposure of each shot field on Wafer W, as Reticle R and Wafer W carry 



out uniform migration with an equal velocity ratio with the projection scale factor of projection lens system PL 
. in the direction of Y, it carries out the synchronousr control of the reticle stage controller 20 and the wafer stage 
controller 35. 

[0024] In addition, the focal alignment sensor FAD in drawing 1 is good to prepare in the direction of Y at two 
places, and to prepare in the direction of X on both sides of the point of projection lens system PL, at two places 
[ a total of four ], although only one place of the point circumference of projection lens system PL is prepared. 
Moreover, the mark for alignment formed in the periphery of Reticle R and the mark for the alignment on 
Wafer W (or reference mark on a reference mark plate) are detected to coincidence through projection lens 
system PL, and the alignment sensor 45 of the TTR (SURUZA reticle) method which measures the location gap 
with Reticle R and Wafer W with high precision is formed above the reticle R in drawing 1 . And the location 
gap measurement signal from this TTR alignment sensor 45 is sent out to a master controller 40, and is used for 
positioning of a reticle stage 16 or X-Y stage 34. 

[0025] By the way, although the aligner of drawing 1 makes the uniform migration of X-Y stage 34 carry out in 
the direction of Y and performs scan exposure, it explains the reticle R at the time of the scan exposure, and the 
schedule of scanning migration of Wafer W and step migration with reference to d rawin g 2 . In d rawing 2 , 
projection lens system PL in draw ing 1 is typically expressed with the pre-group lens system LGa and the rear 
group lens system LGb, and the exit pupil Ep of projection lens system PL exists between the pre-group lens 
system LGa and rear group lens system LGb. Moreover, circuit pattern space Pa which has bigger diagonal 
length than the diameter dimension of the circular image field by the side of the body of projection lens system 
PL in the reticle R shown in drawing 2 is formed in the inside divided with the protection-from-light band SB. 
[0026] And scan exposure of the field Pa on Reticle R is carried out in Reticle R to the shot field SAa to which 
it corresponded on Wafer W by making the scanning migration of the wafer W carry out in the forward 
direction in alignment with a Y-axis with constant speed Vw, making scanning migration carry out in the 
negative direction in alignment with a Y-axis with constant speed Vr. At this time, the field AI of the pulse 
illumination light EL which illuminates Reticle R is set up the shape of the parallel shape of a slit, and a 
rectangle extended in the direction of X in the field Pa on a reticle, as shown in drawing 2 , and the both ends of 
that direction of X are located on the protection-from-light band SB. 

[0027] Now, image formation of the partial pattern contained to the pulsed light lighting field AI in the field Pa 
on Reticle R is carried out to the location where it corresponded in the shot field SAa on Wafer W by projection 
lens system PL (lens systems LGa and LGb) as an image SI. And completion of a relative scan with pattern 
space Pa on Reticle R and the shot field SAa on Wafer W carries out step migration only of the constant rate in 
the direction of Y so that Wafer W may come to the scan starting position to the shot field SAb of the next door 
of the shot field S Aa. The exposure of the pulse illumination light IL is interrupted during this step migration. 
Next, the pattern image of an electronic circuitry is formed on the shot field SAb by moving Wafer W in the 
negative direction of a Y-axis with constant speed Vw to a projection image SI, moving Reticle R in the 
forward direction of a Y-axis with constant speed Vr to the pulsed light lighting field AI so that scan exposure 
of the image of the pattern in the field Pa of Reticle R may be carried out to the shot field SAb on Wafer W. In 
addition, a technical example which uses the pulsed light from an excimer laser for scan exposure is indicated 
by for example, the U.S. Pat. No. 4,924,257 number. ' 
[0028] By the way, if drawing 1 and the projection aligner shown in 2 change the configuration and magnitude 
of opening of a reticle blind within an illumination system 10 and the configuration of the lighting field AI is 
doubled with the circuit pattern space when the diagonal length of the circuit pattern space on Reticle R is 
smaller than the diameter of the circular image field of projection lens system PL, the equipment of drawing 1 
can be used for it as a stepper of a step-and-repeat method. In this case, while exposing the shot field on Wafer 
W, the reticle stage 16 and X-Y stage 34 are relatively made into the quiescent state. However, what is 
necessary is just to carry out jogging control of the reticle stage 16 so that the jogging may be measured by the 
laser interferometer system 33 and flattery amendment of the part for the location gap with minute Wafer W to 
projection lens system PL may be carried out by Reticle R side when Wafer W moves slightly during the 
exposure. Moreover, when changing the configuration and magnitude of opening of a reticle blind, a zoom lens 
system which is centralized on the range corresponding to opening after adjusting the pulsed light from the light 
source which reaches a reticle blind to compensate for modification of an opening configuration or size may be 
prepared. 

[0029] In addition, to the hand of cut of scan exposure of the circumference of a Y-axis, i.e., the direction, since 



the field of a projection image SI is set up the shape of the shape of a slit, and a rectangle prolonged in the 
direction of X so that clearly from drawin g 2 , tilt adjustment under scan exposure is chiefly performed only in 
the rolling direction by this example. Of course, the width of face of the scanning direction of the field of a 
projection image SI is large, and if it is ****** ? when there is nothing in consideration of the effect of the 
flatness about the scanning direction on the front face of a wafer, naturally tilt adjustment of the hand of cut of 
the circumference of the X-axis, i.e., the pitching direction, is also performed during scan exposure. 
[0030] Here, the condition of the liquid LQ in the holder table WH which is the description of the aligner by 
this example is explained with reference to drawing 3 . Drawing 3 expresses the partial cross section from the 
point of projection lens system PL to the holder table WH. The convex positive lens component LE 1 is being 
fixed [ the inferior surface of tongue Pe ] at the tip in the lens-barrel of projection lens system PL for the top 
face at the flat surface. The inferior surface of tongue Pe of this lens element LEI is processed so that it may 
become the end face of the point of lens-barrel hardware, and the same field (flash plate surface processing), 
and it is suppressing that the flow of Liquid LQ is confused. Beveling processing is carried out with big 
curvature like drawing 3 , and the periphery corner 114 furthermore soaked in Liquid LQ by the lens-barrel 
point of projection lens system PL makes resistance to the flow of Liquid LQ small, and suppresses generating 
and the turbulent flow of an unnecessary eddy. Moreover, the adsorption side 1 13 where the plurality which 
carries out vacuum adsorption of the rear face of Wafer W projected is formed in the center of the inner pars 
basilaris ossis occipitalis of the holder table WH, and it is **. This adsorption side 1 13 is specifically made 
from height of about 1mm as two or more zona-orbicularis-like lands formed in the direction of a path of Wafer 
W in the predetermined pitch concentric circular. And each of the slot engraved in the center of each zona- 
orbicularis-like land has led to the piping 1 12 connected to the source of a vacuum for vacuum adsorption 
inside Table WH. 

[0031] Now, in this example, as shown in drawing 3 , the spacing L in the best focus condition of the inferior 
surface of tongue Pe of lens element LEI at the tip of projection lens system PL and the front face of Wafer W 
(or auxiliary plate section HRS) is set as about 2- 1mm. Therefore, the height of the wall LB set up to spacing L 
around the holder table WH that what is necessary is [ therefore ] just about 2 to 3 or more times of the depth 
Hq of the liquid LQ filled in the holder table WH is good at several mm - about 10mm. Thus, the spacing L as 
working distance of projection lens system PL is written very small, and there are also few total amounts of the 
liquid LQ filled in the holder table WH, it ends with this example, and temperature control also becomes easy. 
[0032] The liquid LQ used by this example here is easy to receive, and handling uses easy pure water. However, 
at this example, while decreasing the surface tension of Liquid LQ, in order to increase the surface activity 
force, the additive (liquid) of the aliphatic series system which is not made to dissolve the resist layer of Wafer 
W, and can disregard the effect to the optical coat of the inferior surface of tongue Pe of a lens element is added 
at few rate. The methyl alcohol which has a refractive index almost equal to pure water as the additive is 
desirable. If it does in this way, even if the methyl alcohol component in pure water evaporates and content 
concentration changes, the advantage that refractive-index change as the whole liquid LQ can be made very 
small will be acquired. 

[0033] Now, although the temperature of Liquid LQ is controlled by fixed precision to a certain target 
temperature, a current comparison precision which can carry out temperature control easily is about **0.01 
degrees C. Then, the realistic immersion projection under such a temperature control precision is considered, 
general — the temperature coefficient Na of the refractive index of air — about -9xl0-7/degree C — it is — the 
temperature coefficient Nq of the refractive index of water - about - it is -8xl 0-5/degree C, and the 
temperature coefficient Nq of the refractive index of water is larger about double figures. On the other hand, 
when working distance is set to L, amount of wave aberration deltaF of the image formation which originates in 
amount [ of temperature changes (temperature unevenness) ] deltaT of the medium which fills working distance 
L, and is produced is expressed with a degree type in approximation. 

deltaF=Land|N|-deltaT [0034] Here, in the usual projection exposure which does not apply immersion 
projection, amount of wave aberration deltaFair when making 10mm and temperature variation deltaT into 0.01 
degrees C is as follows about working distance L. 

deltaFair=Land|Na|-delta - amount of wave aberration deltaFlq obtained under the working distance L with 
T**0.09nm same again and temperature variation deltaT when immersion projection is applied is as follows. 
deltaFlq=L, |Nq|, and deltaT**8nm[0035] The greatest amount of wave aberration deltaFmax by which this 
amount of wave aberration is generally permitted 1/30 of the operating wavelength lambda or 1 / when ArF 
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excimer laser is used since 50 to about 1/100 is made desirable is set to lambda/30, lambda / about 50 to 
lambda/100 6.43, or 3.86-1.93nm, and is desirably set to lambda/100 of 1.93nm or less. By the way, each 
thermal conductivity in 0 degree C of air and water serves as 0.0241 W/mK with air, and it becomes 0.561 
W/mK with water, and water of heat conduction is better, it can do smaller than it in air, and the temperature 
unevenness within the optical path formed underwater can also make small fluctuation of the refractive index 
generated in a liquid as a result. However, as expressed to the formula (3), when working distance L is about 
10mm, even if temperature variation deltaT is 0.01 degrees C, amount of wave aberration deltaFlq to generate 
will exceed amount of permissible aberration deltaFmax greatly. 

[0036] Then, the relation of the temperature variation deltaT and working distance L in consideration of amount 
of permission wave aberration deltaFmax is set to deltaFmax=lambda/30>=L-|Nq|-deltaT, or delta 
Fmax=lambda / 100 >=L, |Nq| and deltaT from the above consideration. Here, if temperature variation deltaT 
assumed is made into 0.01 degrees C and 193nm and refractive-index variation Nq of Liquid LQ are made into - 
8xl0-5/degree C for wavelength lambda, the working distance (thickness of a liquid layer) L needed will be set 
to 8mm or 2.4mm or less. It is better to make the working distance L smaller than 2mm desirably within limits 
to which Liquid LQ flows smoothly. While the temperature control of Liquid LQ becomes easy by constituting 
like this example as mentioned above, degradation of the projection image produced in the wave aberration 
change resulting from the temperature change in a liquid layer is suppressed, and it becomes possible to carry 
out projection exposure of the pattern of Reticle R by very high resolving power. 
[0037] 

[Explanation of the 2nd example] Next, the 2nd example of this invention is explained with reference to 
drawing 4 . This example shows the temperature control method of the applicable liquid LQ, and operating of 
the liquid LQ at the time of exchange of Wafer W also like the 1st previous example. Therefore, the same sign 
is attached to previous drawing 1 and the same thing as the member in three in drawing 4 . Now, two or more 
adsorption sides 1 13 are formed in the wafer installation section formed in the inner pars basilaris ossis 
occipitalis of the holder table WH as a circular crevice in drawin g 4 . And the slot 51 used for supply and 
discharge of Liquid LQ is formed around the circular wafer installation section annularly, and a part of the slot 
51 is connected with the external pipe 53 through the path 52 formed in Table WH. Moreover, the heat 
regulators 50 A and SOB, such as a Peltier device, are embedded directly under [ of the wafer installation section 
in the holder table WH ], and directly under the auxiliary plate section HRS, a thermo sensor 55 is attached in 
the suitable location on the holder table WH (desirably two or more places), and the temperature of Liquid LQ 
is detected by the precision. And heat regulators 50A and 50B are controlled by the controller 60 so that the 
temperature of the liquid LQ detected by the thermo sensor 55 becomes constant value. 

[0038] On the other hand, the pipe 53 is connected to the liquid supply unit 64 and the eductor pump 66 through 
the change bulb 62. The change bulb 62 answers a command from a controller 60, and it operates so that the 
passage which supplies the liquid LQ from the liquid supply unit 64 to a pipe 53, and the passage which returns 
the liquid LQ from a pipe 53 to the supply unit 64 through an eductor pump 66 may be changed. Moreover, in 
the supply unit 64, thermoregulator 64B which maintains at fixed temperature whole liquid LQ in a tank 
including pump 64A which supplies Liquid LQ, and its pump 64A from the reserve tank (un-illustrating) which 
can hold the whole liquid LQ on the holder table WH, and this tank is prepared. Furthermore in the above 
configuration, each actuation of a bulb 62, pump 64A, thermoregulator 64B, and an eductor pump 66 is 
controlled by the controller 60 in generalization. 

[0039] Now, in such a configuration, if Wafer W is laid on two or more adsorption sides 1 13 in the condition, 
PURIARAIMENTO [ conveyed and ] on the installation section of the holder table WH, reduced pressure 
immobilization will be carried out through the piping 1 12 for vacuum adsorption shown in drawing 3 . In the 
meantime, it is being continued by controlling heat regulators 50A and 50B the temperature used as a target. 
And if vacuum adsorption of Wafer W is completed, the change bulb 62 will change from a closing location to 
the supply unit 64 side, the liquid LQ by which the temperature control was carried out will be poured in only 
for a constant rate inside the wall LB of the holder table WH through a pipe 53, a path 52, and a slot 51 by 
actuation of pump 64 A, and the change bulb 62 will return to a closing location. Then, shortly after the 
exposure to Wafer W is completed, the change bulb 62 changes from a closing location to an eductor pump 66 
side, and is returned in the reserve tank of the supply unit 64 through the liquid LQ fang furrow 51 on Table 
WH, and a pipe 53 by actuation of an eductor pump 66. Based on the detecting signal from the thermo sensor in 
a reserve tank, temperature control of it is carried out to a precision by thermoregulator 64B until the liquid LQ 



returned in the tank can prepare the following wafer. 

[0040] Thus, since according to this example temperature control of the liquid LQ under immersion exposure 
was carried out, Liquids LQ are collected in the supply unit 64 and it was made to carry out temperature control 
during wafer exchange actuation with the heat regulators 50A and SOB in the holder table WH, while wafer 
exchange is attained in atmospheric air, there is an advantage referred to as being able to prevent the big 
temperature change of Liquid LQ. the liquid LQ which is furthermore poured into the holder table WH after 
wafer exchange according to this example even if ~ laying temperature — receiving - being small (for 
example, about 0.5 degrees C) -- though it differs, since the depth Hq (refer to drawing 3 ) of a liquid layer is 
shallow generally and laying temperature may be reached comparatively early, the time amount which waits for 
temperature stability may also be shortened. 
[0041] 

[Explanation of the 3rd example] Next, the 3rd example is explained with reference to drawing 5 . Drawin g 5 
expresses the partial cross section of the holder table WH which improved the configuration of previous 
drawing 3 , the holder table WH of this example has separated on the wafer chuck 90 holding Wafer W, and the 
ZL stage 82 which performs the Z direction migration and tilt migration for focal leveling, and the wafer chuck 
90 is laid on the ZL stage 82. And the ZL stage 82 is formed on X-Y stage 34 through three Z actuators 32 A 
and 32C (32B omits). And the paths 53A and 53B connected to Wall LB, the auxiliary plate section HRS, the 
piping 1 12 for vacuum adsorption, supply of Liquid LQ, and the pipe 53 (refer to drawing 4 ) for discharge are 
formed in the chuck 90 like drawin g 1 , and 3 and 4, respectively. However, path 53A is connected with the 
circumference part of the auxiliary plate section HRS of the wafer chuck 90 interior, and path 53B is connected 
with the lowest part of the wafer installation section of the pars basilaris ossis occipitalis in the wafer chuck 90. 
Thus, formation of the path for liquid discharge and the impregnation in the wafer chuck 90 to two or more 
places performs receipts and payments of a liquid quickly. 

[0042] Furthermore, by this example, three through tubes (two are illustrated) 91 are formed in the center 
section of a chuck 90, and three pin center,large rise pins (two are illustrated) 83 which move up and down 
through this through tube 91 are formed on the vertical-movement drive 85. Besides, the downward moving 
drive 85 is fixed to an X-Y stage 34 side. The three pin center,large rise pins 83 are for only a constant rate 
lifting the wafer W on a chuck 90 from an installation side at the time of wafer exchange, or taking down Wafer 
W on an installation side, and where vacuum adsorption of the wafer W is carried out in the installation side of 
a chuck 90, as shown in drawing 5 , the apical surface of the pin center,large rise pin 83 is set as the location 
which fell rather than the installation side of a chuck 90. 

[0043] On the other hand, it is constituted by the point of projection lens system PL used by this example so 
that parallel monotonous CG of the quartz fixed to the optical axis AX and the perpendicular may be attached at 
the tip of the sub lens-barrel 80, therefore lens element LEI (plano-convex lens) at a tip may not be soaked in 
Liquid LQ. In this example, spacing of the inferior surface of tongue of this parallel monotonous CG and the 
front face of Wafer W serves as working distance on appearance, and is set as 2mm or less like a previous 
example. Moreover, the anchoring side with parallel monotonous CG of the sub lens-barrel 80 is waterproofed, 
and the interior of the sub lens-barrel 80 is filled up with nitrogen gas. 

[0044] Thus, if parallel monotonous CG is prepared at the tip of projection lens system PL, even if a substantial 
back focus distance (distance from the optical element at a tip with refractive power to the image surface) of 
projection lens system PL is about 10- 15mm, the immersion projection which working distance L was easily set 
[ projection ] to about l-2mm, and reduced the effect of the temperature change of a liquid is realizable. 
Moreover, since parallel monotonous CG can be prepared by post-installation, it becomes possible [ correcting 
easily the local very small distortion aberration (or random distortion) produced within the projection image ] 
by grinding a part of front face of parallel monotonous CG to the 1/several about order of wavelength. That is, 
parallel monotonous CG will combine the function as an aperture which protects the latest lens element of 
projection lens system PL from a liquid, and the function as a distortion corrector plate. In addition, since the 
image formation engine performance of projection lens system PL including parallel monotonous CG is 
guaranteed if another view is carried out, there is no change in parallel monotonous CG being the latest optical 
element of projection lens system PL. 
[0045] 

[Explanation of the 4th example] Next, the 4th example of this invention is explained with reference to drawin g 
6 . This example is connected also with the example shown in previous drawing 5 , and is related with the wafer 



exchange at the time of using the projection optics which made working distance very small for the immersion 
projection exposing method. In drawin g 6 , the reference mirror ML (the object for the directions of X and for 
the directions of Y) reflected in response to the beam BSr for reference from the laser interferometer 33 shown 
in drawing 1 is being fixed to the lower limit section of the lens-barrel of projection lens system PL. And the 
beam BSm for length measurement from a laser interferometer 33 is projected by the migration mirror MRw 
fixed to the edge of the ZL stage 82 as shown in previous drawing 5 , the reflective beam interferes in a laser 
interferometer 33 with the reflective beam of return and the beam BSr for reference, and the coordinate location 
of the reflector of the migration mirror MRw, i.e., X of Wafer W, and the coordinate location of the direction of 
Y are measured on the basis of the reference mirror ML. Now, also in this example, the ZL stage 82 is attached 
on X-Y stage 34 through three Z actuators 32A and 32B (32C omits), and is movable in a Z direction and the 
direction of a tilt. However, it is combined with X-Y stage 34 through flat springs 84A and 84B (84C omits) by 
three places of the circumference of it, and the ZL stage 82 is supported so that the rigidity of the horizontal 
direction (inside of XY side) to X-Y stage 34 may become very large. 

[0046] And although the wafer chuck 90 as previous drawing 5 also with the same this example is formed on 
the ZL stage 82, a different point from drawing 5 is having made it the configuration which boils the wafer 
chuck 90 comparatively with the drives 88A and 88B of two or more Z directions, and moves to a Z direction to 
the ZL stage 82 by big stroke (about 10- 15mm). unlike Z actuator 32A for focal leveling, and B and C, these 
drives 88 A and 88B move the wafer chuck 90 among the both ends of that stroke — sufficient — it is good at the 
easy elevation function using an air cylinder, a link mechanism, etc. Furthermore in the example of drawing 6 , 
it is fixed, without the pin center,large rise pin 83 shown in previous drawing 5 moving up and down on X-Y 
stage 34. And after the wafer chuck 90 has gone up most like drawing 6 , the front face of Wafer W was set as 
about l-2mm from the field of the optical element at the tip of projection lens system PL, and the apical surface 
of the pin center,large rise pin 83 has fallen to the down side (about 2-3mm) more slightly than the wafer 
installation side of the wafer chuck 90. 

[0047] With the above configurations, drawing 6 will discharge the liquid LQ on the wafer chuck 90 
temporarily by discharge actuation of the liquid LQ shown in previous drawing 4 , if the condition at the time of 
the exposure actuation to Wafer W is expressed and the exposure actuation is completed. Then, if vacuum 
adsorption of the wafer chuck 90 is canceled, Drives 88A and 88B will be operated and the wafer chuck 90 will 
be brought down at the bottom from the location of drawin g 6 . While Wafer W is again carried by this on three 
apical surfaces of the pin center,large rise pin 83, it is positioned so that the upper limit side of the wall LB of 
the wafer chuck 90 circumference may become lower than the apical surface (the inside of drawing 3 the inside 
of the inferior surface of tongue Pe of lens element LEI, and drawing 5 inferior surface of tongue of parallel 
monotonous CG) of projection lens system PL. If X-Y stage 34 is moved to a wafer exchange location in the 
condition, Wafer W will be pulled out from directly under [ of projection lens system PL ], and will move to the 
direction of the arm 95 for conveyance. It is in the condition set as height which becomes lower than the wafer 
W on the pin center,large rise pin 83 more highly than the upper limit side of the wall LB of the wafer chuck 90 
at this time as for an arm 95, and enters into Wafer W bottom. And an arm 90 performs vacuum adsorption, 
lifting Wafer W slightly upward, and conveys Wafer W towards a predetermined unload location. Carrying in 
of Wafer W is performed completely contrary to the above sequence. 

[0048] By the way, since the pool of Liquid LQ spreads out directly under the optical path of a reference beam 
BSr in the case of a method with which a laser interferometer 33 projects a reference beam BSr on the reference 
mirror ML of projection lens system PL as shown in drawin g 6 , it is possible to give fluctuation to the optical 
path of a reference beam BSr by rise of the saturated steam of the liquid LQ. So, in this example, the covering 
plate 87 is arranged between the optical path of a reference beam BSr, and Liquid LQ, and the fluctuation which 
intercepts the steamy style which goes up from Liquid LQ, and is generated in the optical path of a reference 
beam BSr is prevented. 

[0049] In addition, the up space of the covering plate 87 may be ventilated in the pure air by which temperature 
control was carried out in the direction which intersects an optical path, in order to make the optical path of a 
reference beam BSr stability more. In this case, the covering plate 87 will be equipped also with the function to 
prevent that the air for optical-path air-conditioning is sprayed on the direct liquid LQ, and can reduce 
unnecessary evaporation of Liquid LQ. Moreover, it may replace with the mere covering plate 87, and the 
whole optical path of a reference beam BSr may be made a wrap configuration with a windshield tube. 
[0050] 



[Explanation of the 5th example] Next, the 5 th example of this invention is explained with reference to drawin g 
7 (A) and (B). This example combines the pin center,large rise device (a pin 83, Z mechanical component 85) 
shown in drawin g 5 with the structure of the holder table WH shown in previous drawing 1 , and it improves the 
holder table WH so that wafer exchange may be simplified. And drawing 7 (B) expresses the flat surface of the 
improved holder table WH, and drawin g 7 (A) expresses the cross section of 7A view in drawing 7 (B). The 
holder table WH is held through three Z actuators 32A and 32C (32B omits) on X-Y stage 34, and three through 
tubes 91 are formed near the center of the holder table WH so that the drawing 7 (A) and (B) may show. In this 
through tube 91, the pin center,large rise pin 83 which moves up and down by the mechanical component 85 
passes. 

[0051] As explained also in advance, if the height of the lowest end face of projection lens system PL remains 
as it is, it is separated from the front face of the auxiliary plate section HRS (wafer W) only about 2mm. The 
upper limit of the wall LB furthermore prepared around the holder table WH is higher than the lowest end face 
of projection lens system PL. Therefore, when it constitutes so that X-Y stage 34 may be moved as it is for 
wafer exchange and a wafer may be pulled out from directly under [ of projection lens system PL ], a part of 
width of face of the auxiliary plate section HRS will enlarge content volume of the holder table WH on which 
the diameter dimension extent required next door of the lens-barrel of projection lens system PL and Liquid LQ 
are poured in. 

[0052] So, in this example, as shown in drawing 7 , a part of wall LB of the holder table WH was cut and 
lacked, and the fluid-tight door section DB which can be opened and closed freely there was formed. While 
Liquid LQ is poured in, this fluid-tight door section DB has always closed the notching section of Wall LB in 
the state of fluid-tight, as shown in drawing 7 (A) and (B), and if Liquid LQ is discharged from the holder table 
WH, it will open it like the broken line in drawing 7 (A). In the condition of having opened, the fluid-tight door 
section DB is set up so that it may become low a little rather than the height of the front face of the auxiliary 
plate section HRS. Moreover, O ring OLs (notching section of Wall LB etc.) who ensure fluid-tight nature like 
drawin g 7 (B) are prepared in the proper location at a part for the wall by the side of the holder table WH body 
which touches the wall of the fluid-tight door section DB. 

[0053] In the above configurations, when exchanging the wafer on the holder table WH, after discharging the 
liquid LQ in the holder table WH first, the fluid-tight door section DB is opened. Then, when X-Y stage 34 is 
moved to right-hand side in drawin g 7 , a wafer will be pulled out from directly under [ of projection lens 
system PL ]. Projection lens system PL is located in the headroom of the fluid-tight door section DB opened 
exactly at this time. And a wafer is easily exchangeable, if the pin center,large rise pin 83 is raised and a wafer 
is lifted more highly than Wall LB. 

[0054] There is an advantage temperature management of Liquid LQ not only becomes easy, but that become 
possible to make into min the diameter of the wall LB which encloses the perimeter of the holder table WH 
according to this example, become possible to stop the total amount of the liquid LQ filled in the holder table 
WH to the minimum, and the impregnation discharge time amount of Liquid LQ becomes min. In addition, 
although it is not necessary at the time of the configuration of said 4th example to prepare the fluid-tight door 
section especially since a wafer chuck descends, in the configuration of the 4th example, the fluid-tight door 
section may be prepared still more. 
[0055] 

[Explanation of the 6th example] Next, drawin g 8 shows the 6th example of this invention, and uses the lower 
container 7 and the up container 8 in this example. Wafer electrode-holder 3a which lays a wafer 3 is formed in 
the inside pars basilaris ossis occipitalis of the lower container 7, the top face of the lower container 7 is sealed 
by the base of the up container 8, and the complete product of the lower container 7 is completely filled by 
immersion liquid 7a. Immersion liquid 8a is filled by the another side up container 8, and last lens side la of 
projection optics 1 is dipped in the immersion liquid 8a. 

[0056] After being led to a thermoregulator 6 from the exhaust port 5 prepared in one side face of the lower 
container 7 and receiving temperature control in a thermoregulator 6, it circulates through a part of immersion 
liquid 7a in the lower container 7 so that it may return to the lower part [ inlet / 4 / which was established in the 
other side faces of the lower container 7 ] container 7. The thermo sensor (not shown) is attached in two or more 
[ in the lower container 7 ], and based on the output from a thermo sensor, the thermoregulator 6 is controlled so 
that the temperature of immersion liquid 7a in the lower container 7 becomes fixed. Moreover, the same 
temperature regulatory mechanism is prepared also about immersion liquid 8a in the up container 8. 



[0057] In this example, the wafer 3 is moved by moving the lower container 7 and the up container 8 as one. On 
the other hand, since the immersion liquid in the lower container which held the wafer 3 is sealed substantially, 
it is not only advantageous in respect of temperature stability, but it does not generate the pressure distribution 
by flow, such as an eddy in an immersion liquid, that is , although the pressure distribution in an immersion 
liquid serve as fluctuation of a refractive index and it become the factor of image formation wave aberration 
aggravation , that pressure distribution become a problem in this 6th example be only immersion liquid 8a filled 
by the up container 8 , and it can ease the effect of the immersion liquid flow of the time of wafer migration by 
forming the optical path L8 of this part short enough to the level which do not become a problem practically . 
[0058] In addition, although the lower container 7 and the up container 8 were moved as one in this example, 
only the lower container 7 can be moved and the up container 8 can also be fixed. Immersion liquid 8a in the up 
container 8 will stop completely at the time of this configuration. Therefore, among working distances L, it is 
desirable to form thinly enough the thickness L7 of immersion liquid 7a in the lower part [ thickness / L8 / of 
immersion liquid 8a in the up container 8 ] container 7. 
[0059] 

[Explanation of other modifications] As mentioned above, although each example of this invention was 
explained, as shown in previous drawin g 1 , since the working distance at the time of immersion projection 
exposure is very as small as about l-2mm, the focus to Wafer W shall use the focal alignment sensor FAD of an 
off- axis method. However, the focal detection device of the TTL (SURUZA lens) method which projects the 
beam for focal detection on a wafer through the periphery within the projection visual field of projection lens 
system PL, and measures the height location or inclination on the front face of a wafer may be established as 
indicated by the U.S. Pat. No. 4,801,977 number, the U.S. Pat. No. 4,383,757 number, etc., for example. 
[0060] Moreover, although the focal alignment sensor FAD shown in drawin g 1 shall detect the alignment mark 
on Wafer W optically by the off- axis method, it is good also as an alignment sensor of the TTL method which 
detects the mark on Wafer W other than the TTR alignment sensor 45 in drawing 1 to which this alignment 
sensor also detects the mark on Wafer W through Reticle R and projection lens system PL only through 
projection lens system PL. Furthermore, if it has the projection optics which carries out projection exposure 
under an ultraviolet-rays region (wavelength of 400nm or less), this invention can completely be similarly 
applied, even if it is the aligner of what kind of configuration. 
[0061] 

[Effect of the Invention] By this invention, the aligner of an immersion type with which image formation engine 
performance sufficient within the limits of a realizable temperature control was guaranteed was offered as 
mentioned above. Moreover, the structure of a wafer stage of having been suitable for loading and unloading of 
a wafer in an immersion photolithography system was also offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is drawing showing the overall configuration of the scanning projection aligner by the 1st 
example of this invention. 

[Drawing 2] It is a perspective view for explaining the sequence of scan exposure typically. 

[Drawing 3] It is the fragmentary sectional view showing the detailed configuration near the projection lens 

system in drawing 1 . 

[Drawing 4] It is the block diagram showing typically the temperature control and the liquid distribution system 
of a liquid by the 2nd example of this invention. 

[Drawing 5] It is the fragmentary sectional view showing the structure the wafer electrode holder by the 3rd 
example of this invention, and near a projection lens system. 

[Drawin g 6] It is the fragmentary sectional view showing the structure the wafer electrode holder by the 4th 
example of this invention, and near a projection lens system. 

[Drawing 7] They are the (A) sectional view showing the structure of the holder table by the 5th example of this 
invention, and the (B) top view. 

[Drawin g 8] It is the outline sectional view showing the important section of the 6th example of this invention. 

[Description of Notations] 

1 -- Projection optics la — The last lens side 

7 Eight - Container 7a, 8a - Immersion liquid 

3 — Wafer 3 a — Wafer electrode holder 

4 - Inlet 5 -- Exhaust port 

6 - Temperature controller L -- Working distance 

10 - Illumination system 12 — Condenser- lens system 

14 - Mirror 16 — Reticle stage 

17 — Laser interferometer system 18 — Motor 

19 - Column structure 20 — Reticle stage controller 

30 -- Base surface plate 32A, 32B, 32C -- Actuator 

33 — Laser interferometer system 34 — X-Y stage 

35 -- Wafer stage controller 36 — Drive motor 

40 — Master controller 50A, 50B — Heat regulator 

51 --Slot 51 52 -Path 

53 - Pipe 53A, 53B - Path 

55 - Thermo sensor 60 — Controller 

62 - Change bulb 64 — Liquid supply unit 

64A - Pump 64B - Thermoregulator 

66 -- Eductor pump 66 80 - Sub lens-barrel 

82 - ZL stage 83 — Pin center,large rise pin 

84A, 84B - Flat spring 85 — Vertical-movement drive 

87 - Covering plate 88A, 88B ~ Drive 

90 -- Wafer chuck 91 ~ Through tube 

95 --Arm 112- Piping 

1 13 - Adsorption side 1 14 - Periphery corner 

IL - Pulse illumination light AI - Lighting field 



R - Reticle Pa - Circuit pattern space 

SB Protection-from-light band PL - Projection lens system 

AX -- Optical axis LGa -- Pre-group lens system 

LGb - Rear group lens system Ep - Exit pupil 

LEI - Positive lens component Pe - Inferior surface of tongue 

CG - Parallel plate W Wafer 

SAa, SAb - Shot field SI - Projection image 

WH - Holder table LB Wall 

LQ -- Liquid HRS - Auxiliary plate section 

DB - Fluid-tight door section OL ~ O ring 

FAD ~ Focal alignment sensor 

MRr, MRw -- Migration mirror ML - Reference mirror 

BSr -- Beam for reference BSm — Beam for length measurement 

Sf - Focal signal Sa ~ Alignment signal 
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9J./NW±K«#te^-f*iS:ig3fc**PL ! fc*L, K& 

^LtU B3fc*I L^fiJ: iSteLQCDiliff 
3s<OiBJg#!&£N (l/t) tLtti, LsSA/ 
(0. 3x|Nl) t*Z>i.7\zM3LLtzZl:*mWLb 




(2) 



ifclifff 1 0-3 0 3 1 1 4 



1 

[#rsi*<o«B] 

[if** 1 ] 9 ^-hlcJSH $ ittz/i 
J-^ izm L tz V v Xffi t ^ t O H (0 7 - 

L=S A/ (0. 3 X I N I ) 

So 

[If ** 2 ] 1^ ? ;w±^«iB £ *tfc/< ? - > £ ■> 
^V^t^ < t & S3t 

[if**3l HtrE7-*V^7M * L**2 

So 

iff** 4] itEvf-^^t^i^iitrffia****© 
k»is l &be a k f ran l t t *4 pj m k s 

[18**5] tHE»3fc*i: LT*WWM>#*«v»fc, if 
**1. 2. 3Xtt4B««>»SIS»#§6So 

^xt- * tm-r * mm <o Tig® * mi &t#m t n -¥bb 
MLtz. if**i. 2.3, 4x«4 5B*w>ifc«ffl«3fc 

[ffl!**7] tWE*****^**^^*^**, if* 
[ft**8] tME*J^N**>i/* r ?--://Wcj:o-C«j | * 
i t ^-e § & i ? KttfB* jv^-t - Jiffi^-S I'M 

[if** 9] IME^i/Nt^x-'Nf-irf^KAo-CflW 

i t a j t* § & i ? tcuis 9 -v v 9 <o±mw& izm 

3^<Otf>5r^tt. li5E7i^£BllE'}^^ j r ? ^<£> 
±*lc^F*>±if 4 £ t A*"? § & J: •? k> iriBt* 
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K»i6«*5i9#»tfc, lf**i -7m>fft*iaB 

[»**1 0] ltIie'?i^or'?J.^^Y>^lcJ:or« 

tit^isi^ Kirs? x^?- * 9 <9±ffl*U§ k 

& 3 £t£Jt. ? x^?- -v ? <9ii&Eg8l$<0-tSg 

4-t9Efif^3t^<OTSg«t <0 2>z\ttfX£Z>£ 
lrS?x>>>^*-;/*K#l$fgl&gB*&t>tttt 

10 fz, if** 1 ~ 7 o^rtifr 1 setojKsaixx 

So 

[lf**l 1] tffE««<0-«fl"fcllH£<Ea:**KT 

s-iasLTt, «**i~i o<ov^-fn^i*iemo?e[g 

SlS^So 

fc, if** 1-11 wfti* 1 *E«Ojg[gl!S3tS 
20 fi 0 

[0001] 

$ tL fe/ 1 9 - V * S^3fe^^ K J: o T -5 ^ ^ tc It i> 
[0 0 0 2] 

<K 10m 

40 [0 0 0 3] iKSSOgftHS-Cli, rj-^yy^j ^ 

*«4l36?tiTv>-5o i-4*>*». (*) ?RfroiajS^« 

4, 3 4 6, 1 6 4^-<Dm3iZffim2tltzi$.mtf&'%2 

(DtLX, M¥6 - 1 2 4 8 7 3*§r4imzfflm2tltz 
tiffiiffifitZtlX^Zo ttz. (v>) * 
50 -«*lcioTzaSPg5H7-f- bVN'^^-t^iOt L 
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T, m C < l&mW- 6 - 1 2 4 8 7 3 Xli 
[0 0 0 4] 

S fix t I4»x. » v»tt»-C* o tz 0 Ltztf 

v^aiiMt s-sttt & i t * hi 1 1 4„ 

[0 0 0 51 

**** L, feS^7t^»c7j 7 ifitt Lfc U > 

jK«&£N (l/t) tL/ctl, 

LS;/(0. 3X|NI) * 

: AF=1 0 mmx | - 9 
= 0 . 0 9 n m 30 
7R : A F= 1 0 mmX | - 8 
= 8 . 0 n m 
[0 0 0 9] L**fc-#KiB«ifcBJR2!AFH\ 
&ftA<Dl/3 OWIJK, i"**>^, 

0 •••• (2) 
MltJiHfl Lv>„ flj&lfifcft 1 9 3 nmOA 
r FJ-^->vU--if-^S7fc^i: Ltl t # KI4, 
AF<6. 4nm#iJLv>„ 7 - * V ^f-f * * 

>^^?V^L*«L>1 0mmT(±, «EJJ©SIfl- 40 

[0 0 10] (la)Si (2) akfrb. 
LSA/(0. 3XINI) •••• (3) 
£#*o U:i«ot (3) St»fctii:i:J:»l, H3i 

»*KJ:-3T*C4iftKJR2S»^**»»jfc*ftC5 1/3 
0 J31tk«i*. c, *i * j§« L £tt»2IS£§* 



4 

s «X 14*6* * § * * issinaj * #6* k 
[0006] &T\,z*$km<r>ftm*%tm-$-z>o s^*^ 

^ATKfiHi-AiftaaitffiwiRaesrAF t u 
(1) **jaan-*o 

A F = L X I N I X AT (1) 

[0007] ^K<7)?ajs^-*ATicov>T(4, -eois;— 

-fb£ III KV^K n > FD-^LiH^ A T = 
0. 0 1 te*OiB£5^**##-f &fcS5&S*t* 0 L 
tztf^X, *Sf£&MlKMAF{4, '>4<tt, 
AF=LX I N I X 0. 0 1 ••••(la) 
rtf»t««?*i-4. ii-CNti, 1 / 

[0 0 0 8] Ja*T*©»««»NOttttiWt:i: 
£<HfciK Mx.lf^tliN = -9xl0VCf*) 
-S^KftLT, t4N = - 8 X 1 O-S/TC-C* 

1 0 0ffififiv»M****. -ftfe*> 
S^^^-^V^fV .X* V* LJ4. a-S-L>l 
Ommf*!.^ L=l 0ram-e*5tUk 
®JRH A F t4.ttT<D i. 7 Kfc* 0 

< 1 0-7/t: ixo. one 

< 1 0 -s/"C |X0. 0 1 "C 

[0011] 

[0 0 12] 

[^ 1 osufewoKtB] b 1 (4, 1 <r>mmm 

i:U S»S*SS«^W * ^ L , i^r-<4, 
®Jt^«!l<73Mf!l^j3V^rr l/-t> h 'J y ^ IdS^S; ? ttfc 

a«»*a«t^-*-o HI KHv»TJffl9!#l 0f4. ifeg 
1 9 3 nm<V->*)l'Xyt*mttir2>A r Fi*yvl/-f 
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»)) 4:4^4 7 7^ • 7>f l^vX^FO^y^*^^ > 
(YtflRl) fcS^L^^lS] (X*IrJ) fc«v*«i» 

[0 0 13] V^^Rti. jfe*«#B#fctt*&4* F 
*S) £*t£o l 6Ji. Hi fcjsv^Tt* 

gt^3 7 Affijfrfcl 9 ±£g]4 I (Y^lRj) 

(X^ffiJ) ? KS*L* 0 * 

(7)l/f^^f-yl 6 OXY^Fffin-COffiSttll^tK 

titz&UWt (¥Ii^^t-<7-) MRri:i/-f 

*ftv^x^ 1 7 tCioT^cfttSISfi&o f LtVf 
^;^f-y«|»S2 0li, T^tfv^r A 1 7 \zX o 
TttSIl 2 *t£ XYSSfiIt:«oVt Uf^^f-y 
1 6 ^lElfii-^^^OU-T^e-^^^M^n^^^O 

1 8 SrtfJWU l/f^^7-yi6^*^r> 30 

[00 14] ST. 3>f>t-l/>X^l2^7- 

iWAIrti:»«t^^->*6 Oft«0fe*# 1 / 
4fgO«|/hS^V>X*P LSraLT. ^^W<oSt® 

<7)Sf^>X^PL(7)*#AX^ R»>f>-y7-f- 

» 1 2 O^fttt £ & * 3 KEB 2 *tf o 40 

$ /:SIV>X|P Lti. 1 9 3 nm^tn»^ 

Sill 9 3 nm(?)^;V^I^Kti:J:*KlR*Ilt 
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[0015] tci^-e. ^x7NWJi-eo*H*"Rlfi"^ 

;i/WH O^Ji«^#*- te-£<E>ffi £ "CSffi L B 

ortJ6»oa*«5»^H^iR»*it*o Hz**??- 
BT« »> BBtr J: 5 *SRttO*|Jft^U- bSBH R S tf*!S:tf 

[0 0 16] roffififr'/V- hg&HRS4)3lg&®it£ 

^ ;i/R ±o|B;^ - > k 
*«^tgT-ab^o fc/fLT?-f>> 

s««-ca« u > x^ p l osmi t ti t?ra-ois * 

(Oy^fA • ^"7^r^ h^t'J^V-ya 
(O-mii. miLtfKmftn*, 6 5 0, 9 8 3*i:H? 

Jft(7)-{H|{i^Jx.l»i#R : 5, 2 4 3, 1 9 5tH 

[0 0 17] kd^-CHl ^*L*:a»). **JS«^»i 

i/NWOSB^OPaT^C^SK^LQOSEttSr^^^X 
tf, fK««»Jcl3»t*«*^>X*PLO*Att«B 
2 - 1 mmOfil^Iffi^it^iO IC»W**tTV^ 0 
H^jS;Six*?Sft:JlO»*<> 2- 1 mmflJ*K**K 
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[0 0 18] $T, *;U/f-7MHIi, %L%U>X 

tt-fZ>®&ffiiWlttf»Tf&% X 7 XY^f-/3 4± 

3 0±£X Y7f[6HC2&7n1£i&U /t^/f-^WH 
ttXYXx-vS 4±C3otf)Z*|filfflro7^f ax- 
*3 2A> 3 2B, 3 2 C ^-^LTflX^f-l'tt'bn^o # 
7^fii-?32A, B, C»i, tfiVffSS*^, ** 

-£«S1?P£-e»j£S>;f'i.£ 0 -?-LT3oOZr^f-ii-^ 
£I^Cfife*ltZ;£|6H;:J§gI&£-g-& ^^^r-y^W 

HS-z^[fi] {y izw-ft&Wjmt&z ttf 

[0 0 19] ffe x XY^f- >'3 4<7)2^7C^lbt±, 
M <0 * V * m $£ $ £ D C * - * ^ * g? M K * t) * 

-T*~?i$-emf3L2ti2>mW)*-? 3 6 K«fc 

oT^^tL^o ZomW)*-? 3 6<Dfflffli±. 

- 7"*WH £ flfe^f&SSM R w <7>R5«<9 

3 P> Otf-H&aittfll £ A*1" * *> x^X t - y«IflP» 
3 5K£-3Xftt>tl2> 0 m9b*-?3 6*')-T 

*-9b U;XYXr-/3 4 O^&flfJ&i LTJi, ffl 
x.tf#BJ¥8-2 3 3 9 6 4-3-&«KHJ>FS*lfc*JS* 

[0 0 2 0] JT V *3Ufefl?lia:l$l'>-*XP L'09 

(OUVXjg^-t H7X/\Wt <DH<?5 2-1 mmSS<Otv> 
HIIBK*#LQ*Mfc-*-£i:*fc, M*^©7* 

fciFfcttJS Lfe *i«i±c»» tw«:*N-* ;t«L 
- (a*uvx*p l oiS:§2#U0W^ 7 * - # * 

T 7 4 * y Y -t F A D V P L Oftffi 

[0 0 2 1] :07t-A^ • 77-f * > F 

*fcE«**u f «7tf »f ^ t. ii r 9 > >(• ffl <oi 

t^i^W (XHffi®y°V- Kg&HR S) *>*ffi-tK|S 
StSflSo -?-LT 7 • U^U > jTlfctBaMi-yx 

^wojEiotftis«i k# & fi«M^ L fe 7 
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[0 0 2 2] -?-Lrtl±<7)7 *-*^.«-i-S f i77-f 

^> aJ4±w»»4 oicamsn, ±«i«t?4 

0 fi-7 ©^-S f i:io\>t3O0ZT?faX 

-*32A, B, CO&*£&JgKigllrr*fe*!><Dlt$R 

^x^X7—/l»S3 5(i, ?x^W±?)||B§H::&:l£ 

=fft>tLi,i 9 K, #Z7?fii-^ 3 2 A, B, C£ 

wisp -*-&<, 

[0 0 2 3] ^±i»»4 0li, 77-f^vFfffS 
aKgo'v>T. Uf?^Rt7x/NWt©ffiMfl!l^fil 
KI#*S-&-$-e&fc«)OXY^-r-^3 4«Dffi^e«5r 
fltSo £<bC:£»PfS4 0tt> 9XAWiW#y3 

Y*iftjcajKH'X*PLoa»flif*i:*Lv»a[aEjfc-c 
20 jl/n* x - -^«u«i» 35t* rajwww-*- * o 

[0 0 2 4] |Sltp<07*-:*.X • T5-fj<>b 

■t>"9— FAD«a«V>X*P L«>ftSt«ffliB«> 1 / >" 

fcSt«*»A/-CY#flJ(::2*jJr, X*lR»=2^3foW-4 

hffl«v-?i:9X^WJ:^75'f^ > 

P L£iILT|S|B#K;&ffiL-C, Wf^iVR^x/NWi 
30 <7)^a-ftL*«fflJKlcftSiJi-^TTR «fU*-* 
^) ^07 5^ p« > HtV4J— 4 5*«K!»t?)*i."CV» 
*o ^UiOTTR77>f^VHrVt-4 5*>5)0 
firM-f*vftS54l-§-(±±0iJffll8 4 0 icslffi^n, Uf^^ 
X-r-v^l 6 ^X Y^f-/3 4 (OSM^^ffifctL 

o 

[0 0 2 5] tc\?>-cmi <nmatmw.it. xyxx-v* 
3 4 ^Y^iajic^iS^lii^^TTtSSTtSrtTd i><nx-h 

>S» bx-f-y -7&3b b<V*'r-J3--fl'*^2$: #h?. L 
40 xmW-f&o M2 4CiJV»T. HI 1 * <Oi£I^U>X*P L 
ii. |J» U > LGaifSV/X^LGbi T-ftS 
im-SLT&fK ^t»l/'/X*LGat«»I/VX 
^LGbtOKlC(±> S«U>X^P HDWHliE ptS* 
^tt-f-So f fell 2 (C^LfcWf-^ JWRtcli, &%uy 

p l ©»flcfli©Rjg>r ^-^74-* Konc&ttt 

iSTt^ S B iz X o T E® $ ftfertffiiJ CM ?ittv>l,o 
[0 0 2 6] ^•LTU^^;i/R±(0|Sl^P a»±, Vf"^ 

50 ^f||?tOO, 7XAWJ Yttlw?&ofeIE73(fi]tC- 
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V^t )\'R*Wft-th^fl'*W& : }tl LOS 

[0 0 2 7] ST. Pf^JVRiOS^Pafi^^ 
%JR9HMA I *i*»flv**->'tt* S&l'VX 
JPL (l/>X|LGa, LGb) K <fc o T ^x^WX 
Ova >y hffiiAS A artO»JSLfctt1tfc«S I t 1^ 
ijgftSft&o fLTl/f^;l/R±^^->i«Pat 

Z>t, ^ x^WliW x. If v a 7 MM S A a OK ^ y 

a^MSAb fc#-r***ntttt«K < * * 9 

±0-> a 7 h««S A b i:jfe***Sii4 i ^ i:, 
^;vR*/N°;i/X3tflB^f|aA I ^^LTYKOiE^fp]^ 
— jgaaev rT»»5*oo, ^^^W^S^ftS I \Z 
WLTY«Oft*|fi]JC-3ea*VwT»tt$*4ii: 
T% va ? h^J^S Ab±i:lf@S^^->W 

2 4, 2 5 7-§-KBB*S*tTV*& 0 
[0 0 2 8] fci^THK 2 K^Lfcftf&**3£« 

>X*PLOP]f>f >-v*7>f-;VKOltaJ: 0 fc/J>S 
tt**S 3 SrSExT. M^W^A I OIm£-eo[I]i&/^• 
-2>o »)x;>w±Wy a 7 hS«*«36U^ 
*W-»*w»jh««iwLTi5<o LfrLft^tfW*** 

v^fA3 3TW-SJLTaiKVVX*P L^W-T^^x 
^WOft/h»ttifii*t l/f^;VR fllTitttltjEi- & 
«t^*c, U^;i/*x-v 1 6 £8fc»flJ«1-*U* £v* 0 

T & J: v* Q 

[0 0 2 9] ft*, H2*feWfe**i 3 Sf^S 
IoS«iiX#ftfcKa f fc* , J v h«Xttffi3WRK:lB6 
SttTv^fc*. bP^ii^HJfe^OT 
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[0 0 3 0] ::t, *3t*«^J:**3fc«*<Ol*«T 
*^*;i/^-r--/;vwHrtoia[#:LQOttffiuov^T, 
Ba3S:tMHLTKW-r*o B3ttfti£V>X#P LOft 

j^l^>X^PLO^ffirt05fe«^ti, TlPeWIt 
±Brt*flffiOXU>Xf|^LE lri*H^SfrTv*£ 0 - 
10 (OW/XIfLElOTlPeli, ««&WOjfc«»0 

SDX) S*tTi3*K »#LQoaEit*nati&ii:*»^ 

WO*1B*||^iR*^&«»0«HiLfcfR*lBl 13# 
20 n&<0^ S T * x^W(7)g^lS] i:3f5g^ tf ? fCBifl 

[0 0 3 1 ] ST. 3MOfe«-CttH3t*Lfci:^^ 
S^UVX^P LOftSO V>Xf?-LE 1 OTBP e 
t^x/NW (Xtifflftb^U- hSBHRS) oSffi^O^ 

30 ^^LQOgilSH qli. HffiLK*tLT2-3feg« 

S£KSfL^e»LB<0?esSl±acmm- 1 OmragStJ; 
v^ Q iOJ:^i:**»«rtt, a»l/>X*PL07- 
^r>m k LTOHBL *S*T/h« < 

[0 0 3 2] ^CT^^ifeWJTffi^^LQii. A** 1 
T(±, iftfl&LQOOTa***^***^^*^- 
J***1% jaol^>X#^OTfflP e«?n- Mc*t 

i-*«»#*«-c**flBII»»6*o*lra*l («#) 
^4«^TaSinLTi5 < 0 ^tomufilt LTl±. 

TOSW*8E^b**»T/hS < T§&fcv*o 

[0 0 3 3] ST. IK«:LQoafttt**B»»K^*t 
so LT-^0«JST*UffllStL^>^ 3K«Jfc«M«a^SR 
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h-i> a -jRKffi«;Offl«f*oaK«»N a tttt- 9 X 1 
0-7/"C *Offltt*oaft«»N q li»- 8 x 

A F = L • INI -AT 10 

[0 0 3 4] ;;f, »««#fl:*auBLav»»#©« 

SJK^lfcfiATfcO. 0 It t Ltz JRMS A 

Fairlii^TcOi ? 

AFair=L • iNal ■ AT = 0. 09nm 

* tzmcv-^yyr-i *9 l tias^ft-fiATo 

AFiqt±y.TOJ:9^^*o 

A F iq= L • I Nq I • AT= 8 nm 

[0 0 3 5] iW&KJRMiti, — jRKffiffljftftA O 1 20 

/30ii/>Liii/5o-i/io oe*a*aiLv»fc 

g^Sft&SbfcW&MlKMgAFmaxti, ^/3 04v> 
UiA/5 0-A/1 0 omig.<F>6. 4 3&v>Lti3. 
8 6- 1. 9 3 nml:5E*t>ll, 3£L<fiA/10 0 
Ol. 9 3nmfilTi:S|i6f>Wo ti^T-^tTKO 
0tKU»t4*«ke**tt, ^f0. 0 2 4 lW/m 
KtftO, tKT- 0 . 5 6 1 W/m Kti 1 ), 7fc<0;fj A*f& 

(3) tcRL^J: ^ IC^-^V^r'-f >XL;6M 0 
mmtSOf^ fSS^fbfiAT^O. Oltnoft 
tut, f&^t&SSffiiRHgAFiQfii^JKgSAF 

[0 0 3 6] -?"C-cm±(D#^^<b, tt8&1Sft&*A 
F«x*#JtLfcjBJKSE'fl:*AT t V-^rV^T'-f * * 
L i:coB8#(±, 

AFmax= A/3 0^L • I Nq I - AT 

AFoax= A/1 0 0SL • I Nq I - AT 
kttho - -T\ g;cS:h.£aK^fbfiAT£0. 0 1 
"C, ifcftA £ 1 9 3 nm, -g-LTifcteL OOJa^SE-fb 
*N q Sr- 8 X 1 0-5/"Ct1-^> i:, !6;>5tS*i4 7- 

*?yx {WL#m<DW.&.) LH, 8mm5:v> 
Ui2. 4mm£lTt45.1iL<li, -f©7-*> 
77 4 7.9 L SrflJtffcL Qrt*X A -Xicitft&f&Bl*] 
T-2mmJ: ►) < Ltzfjifi «fc v>„ IJJLJbO J: -5 K#f£ 

i&^flco J: o {^WEK-rS i 1 J: . iKfls L Q <DSJg$lJ13? 
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iS v»»« * t- u * * r c5 * - y * %c%>m%-t h z t 

[0 0 3 7] 

•> -x/sW<7)£&ll#tf>?8E#:L Q C05t *) ©v^ft t Sr^-to 
fct, 04 KJ3V>-C5fc<DHl , 3«fO«*J-i:Hi:<t>tf> 
HJi|H|-<75^S:Ottr*^o ST, 0 4Civ>T*^ 
^T-^;VWH<DrtJ^g|5lcR^(7)IHIgEt LtM^tit 

1 <£>— g&l±, x-y^WHl*I(Cf^Sn.7taiK5 2 
LT, HSBtfvM 7*5 3 i:o^#iitv^o $Jz*frfr 
x-7*;i'WHrt^^«fi^<7>KTt*fg!j7"i'- hSB 

HRS<7>ETK«i, ^*fif?fW!SIP2S5fl 
A, 5 0 B it* *J^f-^WH±rolS 
Steffi (St L< fi«IS^BiT) »rttaaE-fe>-9— 5 5ri 4 

•fLTSftlSSSOA, 5 0B1±, Sft-fe>-9"-5 5 
K J: oT&ffi Stt-i.&'ffcL QOzBJS**— 5e-fit^*S «t -5 

$WS?6 0 KioTf&WSfr&o 
[0 0 3 8] ^^V5 3fi, 5)0fx./W6 2 

t^Lt, h 6 4 tmtZ#>?'6 6Cg 

«**i.rv»4 0 ®y)ig-LJ<)V?& 2»i, f&Wff 6 0>9^ 
0*fr*fctD»LT\ 9 h 6 4^<£>ffi#L 

Q£/nM7*5 3K««t*il»*, '<>f 7*5 3 
fLQ^ftH*-/y6 6 ^^-Ltft|&i-7 h 6 4 ICM 
«Jt)*iL* J: dKftft-*" 4 o Sfctttt*-"? 
h 6 4(*UCl±, *;l/^t-/^WH±Wffi#LQ<0^ft 

*t>^LQ*MU#^7*6 4AJ:, -?-(0^>-/6 

z&P^6 4 B k#»»tfe*trv^*„ 2bKKk±<r>mm~ 

i3V>T, ^6 2, #V7'6 4A, iapfl6 4B, ffi 

[0 0 3 9] ST. iOJ:Hilii:M»t, ^i^W 

>> h*Kfc*tt!-raa[0**lBl 1 3±tc«SS^ 
it, 113 K^LfcJ^i&lMBWEIi 1 1 2 4-^LTM 
BEH^Sn^o i<OF^, SSSSS5 0A, 5 0BI4, 

Xtt«*»e,tt»JL-y h 6 4f|K«J0#*>'9, SJKPS 
Sfl^fS#:LQ^>y6 4 A^iCiot, 7* 
5 3, 2, 3f 5 1 J^LT*;^f-^WHO 

gSBLBOrtSPir-5efi^»tftASixT, «D 



(8) 



10-303114 
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K ^<>f^5 3 *^Ltftjf&a^7 h 6 4<0 , J-f-:/* 

tt, 'J f -/^ > ^ rt<7)fiJHr >t-^t^tliif i: 

J: o T«3&KiaK*IJ«P £ tl&o 
[0 0 4 0] £©i$fc*tafc«fcJ:itUr, iSSSft* 
0«#LQ(i*;^f-/;vWH^fiK«SS5 0 
A, 5 OBfcioTfiftfflliPSft, *i^£*»ffc*i± 
«#LQS:ft«^y h 6 4 rt KEIJKLT»K«»^ h 

fete, «#LQO*S4i^^k*:l»jli"eS*i:So3fe 
10 0 4 1 ] 

Z L^f-y8 211:^x^^7 * 9 Oi^lSitT 
f LTZ LXf^y 8 2 (i> 3ooZT^f^x 
-*3 2A, 3 2C (3 2 Bfi^Bfc) ^^U, XYX 
f-v3 4_LtCiStt^^^>o f Ltf^ y 9 9 0 
HI, 3. 4 MSBLB, M^l/- h»HR 

S. XgRffflOEf 1 1 2, &#:LQc7>tt*&. SftBffl 
C0/M^5 3 (H4#fig) fc»tt$*iaa(&5 3 A, 5 
3 B^-ttt-P^jffiStLTV^o fcrtfU M5 3Ali 
*.x/\f-*y * 9 OrtgiS^Mtb^W- haSHRScO^^ 
8*(:oWotfiO, IKS 3 Bfi*^^?** y ^ 9 
0 rtiSo x Af tg^f i fiv^^i:o t v> 
£ 0 ^co<t 9 i:->x;\f t ^ ^ 9 0 fa<n*&ML'rW{\ t zW& 

[0 0 4 2] £fcK#||ifc00"CWU ft7^90O^ 

^KS?L9 1 ^loTiTKlt^ 3o 

9 -7 V?\£> 8 3^. ±T»fg»l«IB 8 5<0± 

T-y3 4it:@g^fi^ 0 6030(7) -b>^~T^ ^ 
tfV8 3«i, ^/^tW^c^-v ? * 9 OlO^x^W 
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* 9 OO^Sffil *) fcT^ofcffiS^KJeS^io 
[0 0 4 3] ***«t««t4tt«l/>^P 
L*>fteS8»fc*i. f/I®8 0(7)«i:3fettAXtii 

5d ? ot^l/>XS?-LEl WWLfcL 

io -ete. ioW^CGOTffit^^WOSffi^OH 

*»fltB«i:2mmaTi:Rg?ii*o 

8 OOffiTSCG fco##ttffitt|»7kSnISi'U ^7 

[0 0 4 4] iOJ:^:Sf^>^PLO«t:ffi 

X^femffiiT^ffi*) *U 0-1 BmmiSrto 
$fti:7-^r>m^^>^L!:l-2mmg 

rt-C*CTv>4»]Jr»ft«^2lBl«U6 (**v*l±?>^ 
[0 0 4 5] 

S^-)x;^:Ht-2>fc^*So IS6tcj3V>T. 

40 3 ^^0#fi?.ffltf-AB S r i&VXRtt 

t4#«^-ML (X*lR]ffl4: Y^ftffl) **B5£**t 
O^o fit l/-fTitt3 3^0ffliJgJfltf-AB 
Smte. 5fc<OH5 H^Lfci 94ZL^f-^8 2 Oig 

«*cH3es*ifc»«i«iMRw^iatt*ii> 

Attl/—^fT*W-3 3 KM*), tBfllf-ABS rOR 

T(>. ZL^f-y8 2li3oOZ7^fj.x-^3 2 
so A, 3 2 B (3 2CW) ^LTXY^r-v3 4 



(9) 



4SfH¥ 1 0-3 0 3 1 1 4 
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3WS/^8 4A, 8 4B (8 4Cti«H§) 
■CXY^f-y3 4i»*Sn, XY*-r-v3 4K*t 
(XYIfi) OBttWIftT^^aiJ: 

*iaj^Ktt««8 8A f 8 8BKiotifc«aiu:**ft 
* Fn-^ (10-1 Smm^JS) tZL^f-v8 2 

fglfj^#8 8A, 8 8Bli, 7i-*J^ • l/^>J >^ 
tz*b<DZT?^3L3--9 3 2 A, B, Ci:*4*K ^ 

s^v v? 9 o £-e<o* h u~?<T)mm$x~®mm£z> 

ii. 36^)0 5 tw^Lfc-fe>^-T^^tT> 8 3#XY^ 

1 -2mmSflEt;:WgS*U -te>*-7 
^^tf>8 3 O^glli^x^f t y ? 9 0(D^7^^m 
mmX *) i> t>-f frlZTM (2-3mmgK) KT#*X 

[0 0 4 7] Ek±<D X o %m J5fct\ 16(^ XAWHW 

£ 5fc<£> (H 4Cf.L fcifctf: L Q Ojttttftft £ <t o T * 

tt. ^x^fr^9 0(7)SMf«$^i:> IB 
I6ISW8 8A, 8 8B^i^T^x;Nf t7i>9 0 
iB6^1*t>f4Ti:^>3«o £*UC<J:oT 
^ jh/n wit 3 oo-fe > * - T y •/ tf > 8 3 05feSM-L K 

»LBO±3Bffi*«a*l/>X*P LO«I (H3tT 
fiU>XiE^LE 1 <7>TMP e. B5+"CttWfWC 
G^TI) i *) &fi< fc£ J: -5 ^ffiSft»$tt&e 
»XY^f-y3 4 Sr^-x^^&ffie* 

j8Sffl07-A9 5^i:8»t-&o ^(7)^7 
-A9 5fi. -)x^f^^ 9 OOKffiL B<0JLS8ffi«fc 
*9fiig<> B.o-feV*-T ?:/fcf>8 3±0^xaWJ: 

<0Tfl8KA9i&tr o *tlfrhT — J* 9 0 li^x/NW^l 

[0 0 4 8] i: £^>-C[S 6(:*L/:i^:, U-*FTi* 
ft 3 3 **#bb tf-ABSr P L 0#fl?, ^ 
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r Oj^Oii:TJwiKfltLQOy--/i/* f i£*«orv»*fc 

BSrOjtBi:St»¥i:4i*ii:#tx.^4o 
^**tfc0O"CW\ #RRtf-ABS r (Ojfcj&iifcftLQfc 
*>IHH;:*yt-*8 7*B«U »#lQfrfe±#t5* 
SMfc*«WL"C#Hllf--AB S r 

[0 0 4 9] fcS, */t-«8 7 0±«£Hlfc:tt. #IH 
tf-AB s r o^tK^J: *S§i£ 

v*o Z(Dm&, ^n*-«8 7(«^li^^ ? KS 

T*§& 0 Sfc, 8 7 Kftx.t\ #fiStf- 

A B S r 0*»^#«r iSJR«-e« ^Wt:LtUv>o 
[0 0 5 0] 

7 (A) , (B) JtittMt^o ***««5fe^ 

20 /;^>^-77^ai (tf>8 3, zfggjgB8 5) £a 

(B) *i-€-<05ScA$tLfc*;l/^y--^^WHO5pffiS:^ 
L H7 (A) tiU 7 (B) 4^0 7 A^ttOKfffi** 
"to ^£>[U7 (A) , (B) frb&fr&ilkZ* 
x-yOVWHti, XYXf-y3 4±t:3 o<7) Z7^f 
ax-^2A, 3 2C (3 2Bii«B&) J^Lt^ 
£*u ^;v^f--r;>WH(04 , *#i5^ii3ool:ii?L 
9 i#&*t<b;h/cv*£ 0 c^mii?L9 lKli, 1215358 
30 5 &w<£ ot±Ti!lt^-fe y 9 — T y -?\*> 8 3**fl*o 

[0 0 5 1] *K:tR»LfcJ:^, S«l/>X*PL 

LB^±SHJ4S«V>X*P L^fTfflJ: $ fcBSv\, 
fi&o-C. •)x;^^l:f(7)iiXYXT-y3 4 

[0 0 5 2] -ti"C*|£l*«-Ctt. Em^-TJ:^* 
;l/^f--^;i/WH(^aSBLBO— SP«-«J •) ^V^T > 
^BBHe«*iS*Kr«DB4rK*tfco iO«*K78 

(A) , (B) OJ:^^«[»LBO«Jl3^*»*f8[a« 

Sfffi^^^^:, H7 (A) *<OW&<0±l\ZW<±7\Z 

so B*-^^— hg|5HRSO^®^ii5$ J: «9 fc5gT1S<**<fc 



(10) 



ftmW- 1 0 - 3 0 3 1 1 4 



17 

fctt, H7 (B) OJ:3lcjHH£*1ftitK-r 

*0'; >^OL**s:£o&aKfS:»t'bft-cv>So 

[0 0 5 31 7 ft«J&Ki3V»-t\ *A'* r f— 7 

S&l'VXjfcP LfiTJg 
BBv»fc*$K7«DBO±#2»Mfc:fifc«1-*o «t*S> 
tV^-7"^tf>8 3 ^ Ji^-^-frT ^ ^ SB L B 

[0 0 5 4] 43Elfe0|tc J: *uf , *;i//f-^WH© 
mmiW.*) HtrSSPLB <oittS**/hCi-* it A^tS 

flE^a* 1 ** fc * * £ »t "C ft < , L Q O&AJPtttt 
Hfcft/hKfta £v»ofc*ijjft5o*ab&o ft£. mffE^40 

4* K K T « * K »t * tt ft v» *», * 4 <0 HJfcflJ 

[0 0 5 5] 

[AS 6 <0^ife^J<7)Si?§] *KH8li*»9!<0*6*>flifc 
fll&jFU £<0*ifc«^J±T8B^fS7 fc_LSB^fl8 fcffl 
v>ti/'4o •7i^3£«iI-r&*>J : -^*rt'^-3 a«±T 

&o -tfe*±SI5Sfl8tci>««8 a^Wfc^fL-C^l), 
[0 0 5 6] T$b®%s-7ft<OW:WL7 aO-fli&li, TSB 

#s§ 7 ©— «ffinKitfc»mo si? zasEPtett 6 

ffi&gf 7<Dtefflrac»»tfcftACI4 i »)T»fF»7»:JS 
SJ^CflHRL-Cv**. T»S»7rt«0«»1BJ?rfcM:» 

7l*IOft?£7 aO«K*»-jetft4 i ^ KUWPLTV* 

[0 0 5 7] i«5l06«U*v»-cii, TSB#f§7 t±g& 

jpi|-c**^»tTft<» **«t»©«Wt©«*tfcJ:*E&# 
*"bfl^Lftv» 0 -fft*>*>^a[(f WBE*5-*»i, B#t* 
W«£rfcft^£i«?!fcMJKM»ffc<*>gBtft&**, 
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ffia£*t<D^#«-Hffl±P5S^ftt>ftv>l^^;v*-C«*Di- 

[0 0 5 8] ftj3**««tM±T»S#7 tJhSB#t£8 
LTfHkLfcP* TWS»7©**»»U ± 

tt, ±«3S»8rt©a«8 att**KfltJh-T*ii:Kft 
io h a LfcA ? ot7-+>^f'f^?>^LWHt> ± 
SB^ff 8rt<£>«?£8 a WW SLs* ") TS&^fl7rt 
?>)K?£7 a^l*£L70#£+frK?i<«1-£-fc^ 

[0 0 5 9] 

VX7M * ? V >U± 1 ~ 2 mmgJKi@*!>"C/h$v> 

7t*. ?^^wk#i- 7 • 7?->*#5S; 

20 tLTto L^LftA*f>> 'CTx(f*ai#S : 4, 801, 9 
7 7f, 11^4, 3 8 3, 7 5 7f ^CHf StLT 
v*&J:*K, tSt*WvX*PLO««**rtoaiia»«: 

[0 0 6 0] 4fc, aii:^L^7*-*^ • 77-f * 
>h-t>t-FADI±, *7 • 7* S-^W 
±<D7 9-f ^ > hv-^lr^KttaJt*^^ L.£ 
30 Z-VTH* V Hr>-9— <>V^^JVR fc&f&l^ 
X^P L t ^ILt7i^W±Wv-? Sr}&tB~t~&l21 1 
tpcOTTR79^ ^ > h-fe>-^-4 5 0-ffeK, 
X^PL<D*S'ILr i 7i^W±ro7-^*faitiT 
T L JSor? -f > V Ft ^t - Lr t i v. S$>k 
#*t-ai* (IS4 0 0 nmHT) <Di>bX'ft 

[0 0 6 1] 

40 sfnv bn-;v«0^HrtT% 5t^ft^tttg* f «il? 

tcig L •> -r - v <0«^t t Utt § ^feo 
lHffiO«J|iftRWl 

[mi] *%w<omi<wmifcmKi.2>i£&M<D%L%mit 

[113] HlfOS*UvX*#fiO#lfflft***^+ 

so &#»fsia-e*<&o 



(11) 



ftmW- 1 0-3 0 3 1 1 4 



19 

[H6J $^(7)$4 OSJgiCU ^XA,t 1 

(A) BrMHi, (B) *PffiBI"C*&o 
[0 8] ^^0«6 0«ttMOS8|S«-^-r«ER»IBfIBB 

[«F*oi«I] 
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4-ftAP 
6 -SKIMH* 

1 0— ARE* 

1 4-59- 

1 9-3 9A«it# 
3 0-^<-^^S 

2 c— r^f-ax-* 

3 5-9x^^f-yiOT 

4 0-±tNM» 



1 a- 
7 a< 
3 a- 



8 a-*« 
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5 l-j*5 1 
5 3-'U7 



i >r>^-- 

1 
1 

3 2 A. 3 2 B. 3 



3 4 -XY^f-y 
3 6 

5 0 A. 5 0 B—fi 30 

5 2-»» 

5 3 A. 5 3 B—a 
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* 5 5-aff4r>*- 
6 2-«J9#x.^^r 
* h 

6 4 A-#>^ 

6 6-SfW#>^6 6 

8 

8 4 A, 8 4 B 
1S 

8 7-*^-« 

9 0 — y 9 
9 5— 7-A 

1 1 3 -«*ffi 
I L— ^^^flB«* 

* 

LGb-tSl/yXi 
LE 1 -iEl/>X*^ 

SAa, SAb-">37 h®« 

LQ-«# 

DB-$f KTSB 

FAD-7 * — it -X • 77^^> 

MR r > MRw-8tta 

B S r-#HMItf-A 

s f —y t-Jixm^ 



6 o —MM 

6 4»-»tt«*&^ 



6 4 b— a 

8 0-^^« 
8 3-fe»-7f 

8 5-±T»«M« 

8 8 A, 8 8 B-fg 

9 1 -Jt»?L 
1 1 2— E« 

i i A-^mnu 

A I — flHWfWt 
P a -BI*/**-> 

LG a-«r*V>X 

E p-»Uitt 
P e 

S I 

L B-SSB 

O L-OV >^ 

B Sm-«KflJlf- 
S > h 




(14) 
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